The computed structural matrix of the solvent-optimized crystallographic structure H 3 L * and self-constructed structure H 3 L of NTA, together with the data available from the CSD, 1 is given in Table S1 . It is seen that the H 3 L * structure of NTA, energy-optimized in solvent when the input was that of the reported crystallographic structure H 3 L (shown in Figure 2 , main paper), can be regarded as satisfactory when the bond lengths are considered. They were predicted to within -0.009 ± 0.013 Ǻ; on average, the computed values are slightly overestimated, as is expected for B3LYP optimization. However, some of the computed bond angles (that on average were reproduced to within 0.00 ± 1.81°) differ significantly from those found in the two reported crystal structures (similar observation applies to the dihedral angles -they are not provided in the table). The simplest and reasonable explanation of observed differences might be the fact that the computational modeling was performed on a single molecule. As a result, it could not account for crystal packing forces as well as intermolecular non-bonding interactions in the lattice -see 
Selected structural crystallographic and computed data for IDA, MIDA, and HIDA are presented in Tables S2-S4 -see Figure S1 for numbering of atoms. The same arguments, as discussed for NTA, apply to all the molecules discussed here. For convenience, crystal packing of HIDA is shown in Figure S2 ; differences in computed and experimental angles of HIDA can be easily rationalized when close contacts seen in Figure S2 are consideredsee exceptionally strong intermolecular interactions of 1.027 Å between -COOH···HOOC-. 
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Thermodynamic cycles used NTA has four protonation constants
and there are several values reported at different ionic strengths (μ) and temperatures.
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NTA has also four dissociation reactions and, in abbreviated form, they can be written as 
S12
One must realize that in the case of several protonation/dissociation reactions, the first protonation reaction (and relevant to this reaction first protonation constant) must be compared with the last dissociation reactions (and last dissociation constant) -see eq 4 and the relevant text that follows in the main part of this paper.
There were two, most commonly employed and best-performing, TCs considered in this work and they are shown in a self-explanatory fashion as Schemes 1 and 2. (The charges on the ligand species are omitted for simplicity). In order to apply these TCs to the ligand NTA, each of the protonated forms needs to be optimized in gas phase first. However, there was a problem experienced when H 3 L form of NTA was optimized in gas phase; the proton situated on the N-atom shifted to the -COO -group thereby forming the carboxylic group -COOH. A number of input structures was tested, but each time the proton on the Natom was not preserved. The same phenomenon was also observed in literature for the ligand aspartic acid 3, 4 as well as in our recent report on NTPA. 5 Unfortunately, in gas phase the molecule H 3 L does not exist in zwitterionic form, and because of this the TCs could not be applied to the H 3 L and H 4 L forms of NTA. As a result, we had to restrict our theoretical studies only to the first two protonation reactions from which HL and H 2 L are formed. The minimum energies (after zero-point vibrational energy (ZPVE) corrections), E min , together with the values of G gas of the optimized molecules are shown in Table S5 . The values of ∆G sol that were obtained from the single point calculations (SPC) using different levels of theory and solvation models are given in Table S6 . Values of ∆G gas , ∆∆G sol , and ∆G aq were calculated using well known reported relationships (eqs S6-S8), 6 and dissociation constants K a (n)
were obtained from eq S9 and S10 7, 8 in combination with TC-1 (Scheme 1) and TC-2 (Scheme 2), respectively.
∆G gas = ∑G gas (products) -∑G gas (reactants) (S6)
It can be seen (Scheme 1) that a free proton is involved, but since theoretical prediction of G gas and ∆G sol is considerably difficult, experimental values for these two quantities are S13 commonly used now. The values used were -6.28 and -265.0 kcal/mol for G gas and ∆G sol , respectively.
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A correction of -1.89 kcal/mol (corresponding to a state change of 1 mol of gas from 1 atm (24.47 L/mol) to 1 M (1 mol/L)) was made to the calculated solvation free energy, which is discussed thoroughly by Jang et al. 10 The calculated first two protonation constants for the ligand NTA, using TC-1 and TC-2 are summarized in Table S7 , but nfortunately, most of the results obtained are far from satisfactory with differences (δ) 2 and calculated (from thermodynamic cycles) protonation constants, as log K H , using gas-phase and solvent optimized structures of NTA seen in Figure 4 , main paper. 6-311+G(d,p) basis set was used. 
Gas
HL (1) HL (1) (2) HL (1) ) of MM/MD-generated conformers in solvent (E C-1 to E C-5 ) and energies obtained from MM-based SPC (E SPC ; kJ mol -1 ) performed on the IDA, MIDA, EIDA, PIDA and HIDA structures seen in Figures S3-S7 . Part (b). DFT-calculated solvent-optimized energies (E min = ZPVE-corrected energy) of all self-constructed protonated forms of IDA, MIDA, EIDA, PIDA and HIDA and lowest energy MM/MD-generated C-1 conformers seen in Figures S9-S14. (a) 
